Sample rules:
let !x = s in t : τ Γ, x : σ | − t : σ Γ | − rec x : σ. t : σ
Small-step operational semantics
We consider two deterministic small-step evaluation relations between closed terms of closed type:
• call-by-name: s → nm t
• call-by-value: s → vl t both of which have closed values:
v ::= λx : σ. t | Λα. t | ! t
as normal forms
Operational semantics: σ τ
Operational semantics: ! σ
Operational semantics: ∀α. σ
Operational semantics: recursion
[BPR 2000] argue that termination should be observed at !-types only:
• Equivalent to extending language with primitive "ground" type(s) (e.g. unit, booleans, natural numbers) and observing termination at ground type(s) only.
• Essential for the correctness of Plotkin's encoding of datatype constructors in Lily.
• Induces desirable extensionality properties on contextual equivalence.
Thus contextual equivalence is unaffected by the choice between ↓ nm and ↓ vl .
Call-by-name and call-by-value do not coincide at non-!-types.
E.g., for any closed σ, consider M : σ σ defined by:
Lily enjoys the following contextual equivalence.
This and similar examples suggest that contextual equivalence is not affected if evaluation is allowed to propagates under all term constructs, including λ and Λ abstractions, except for !.
Our proof of the strictness theorem is based on studying the natural reduction relation, surface reduction, with such properties.
Surface reduction contains both → nm and → vl .
In fact we translate Lily into a simple untyped linear λ-calculus and study surface reduction there.
• This reduces the syntax, simplifying the required syntactic arguments, and pinpointing exactly the structure that is responsible for the results holding.
• The untyped linear λ-calculus is a flexible low-level language, able to simulate many styles of operational semantics under surface reduction.
• The untyped linear λ-calculus is the λ-calculus counterpart of Abramsky's linear combinatory algebras.
Untyped linear λ-calculus
Terms:
subject to: in any expression λx.M , the variable x occurs exactly once in M and not within the scope of a !-operator.
Redexes:
Compatibility conditions:
Example: untyped recursion Define:
Observe that:
V is a k-step reduction sequence, where V is in surface normal form, then every reduction sequence from M has at most k steps, and every completed reduction sequence has exactly k steps and terminates with V . In particular, if a term is normalizing under surface reduction then it is strongly normalizing. Translation of Lily
Proof of Proposition. If
RTA, Nara, April 2005 In particular the strictness theorem holds.
